Objectives: Study was conducted in order to investigate the association of vitamin E intake and other factors with plasma a-tocopherol concentration in a non-smoking Mediterranean population. Design: A cross-sectional study was conducted in a subsample of a representative sample of the Catalan population. Subjects: Sample size was 143 men and women, aged between 18 and 75 y, and ®nal response rate reached 61.9% of the initial sample. Interventions: Serum alpha-tocopherol concentration standardized by serum total lipids was used as a proxy of the nutritional status of vitamin E. Vitamin E intake and alcohol consumption were estimated by a replicated 24 h recall method. Dietary data were collected in two different periods, winter and summer, in order to account for seasonal variation in nutrient intake, and were corrected for random within-person variability in order to account for day-to-day variation in nutrient intake. Multivariate linear regression models were ®tted in order to estimate the determinants of serum a-tocopherol concentration. Results: In this population study, for each one mg increase in vitamin E intake, serum a-tocopherol concentration increased, on average, 0.66 micromol/L, after adjusting for age, gender, Body Mass Index (BMI), alcohol consumption and energy intake. BMI also in¯uenced signi®cantly serum a-tocopherol concentration, whereas alcohol intake, age and gender did not show signi®cant associations with serum a-tocopherol.
Introduction
Vitamin E is an essential micronutrient which may have protective effects against cardiovascular diseases and several cancers through different biological mechanisms (Grant & De Hoog, 1985; Willett, 1986; Diplock, 1991; Stahelin et al, 1991; Ashwell, 1993; Rimm et al, 1993; Stampfer et al, 1993; Bellizzi et al, 1994; Kushi et al, 1996) . It has antioxidant properties, which may prevent cellular damage (Bieri, 1984; Ames, 1983) . It may also have antiaggregant effects (Gey, 1989) and inhibit carcinogenesis (Ames, 1983) . Knowledge of the determinants of the vitamin E nutritional status is, therefore, useful for epidemiologic studies of chronic disease. The concentration of total vitamin E or a-tocopherol in serum is the most frequently used biochemical index of the nutritional status of vitamin E (Gibson, 1990; Hunter, 1990) . It does appear that a single measurement of plasma or serum a-tocopherol standardized by lipid concentration can reasonably represent long-term vitamin E intake and could be used in epidemiological studies of diet and disease (Gibson, 1990; Hunter, 1990) .
Factors such as tobacco and alcohol consumption do appear to be determinants of plasma a-tocopherol levels in some epidemiologic studies (Buiatti et al, 1996) , but not in others (Stryker et al, 1988; Comstock et al, 1988) . Previous studies have found a relationship between concentration of vitamin E in the adipose tissue and plasma concentration of a-tocopherol (Kayden et al, 1983; Traber & Kayden, 1987; Kaardinal et al, 1995) .
The aim of the present investigation is to study vitamin E dietary intake, body mass index (BMI), and alcohol consumption as possible determinants of serum a-tocopherol concentration in a non-smoking Mediterranean population.
Methods

Sample
The representativeness of the Catalan population sample was assured by the sampling process. The sample was strati®ed according to household and randomized into subgroupings where municipalities constituted the primary sampling units, and the individuals within these municipalities constituted the ®nal sample units.
The sample distribution according to strati®cation by household was as follows: 46 municipalities with less than 10000 inhabitants, 28 municipalities with more than 10 000 and less than 100 000 inhabitants, and 8 municipalities consisting of more than 100 000 inhabitants (Serra-Majem et al, 1996) . For biochemical assessment a random subsample was obtained from the representative sample of the Catalan population aged between 18 and 75 y, previously selected for the Nutritional Survey of the Catalan Population (1992±93) carried out by the Department of Health and Social Security of the Government of Catalonia and the University of Barcelona (Serra-Majem et al, 1996) . After exclusion of smokers, the study sample was 143 subjects: 45.4% men, 54.6% women.
Dietary assessment method
Two 24 h recalls per subject collected in two different periods (June±July 1992 and November±December 1992) were used to estimate nutrient intake. Thirty-six previously trained dieticians using standard protocol obtained the information in the participants homes. Each subject was visited by the same dietician in the two interviews. Response rate in the ®rst and second interview were respectively 68.9% and 61.9% of the initial sample. Household measures were used to estimate portion sizes. The dieticians were in charge of conversion of food portion size into grams and milliliters, and of food codi®cation.
Anthropometric measures
Bathroom scales which were calibrated every day were used to estimate subjects weights their heights were determined using non-extensible wall measures.
Laboratory analyses
Blood samples were obtained in standardized conditions by vacuum extraction from 12 h fasted individuals. Blood was centrifuged at 3000 rpm and 8 C for 15 min, and serum was frozen at 7 80 C in the health centers of extraction. Serum a-tocopherol was measured by high performance liquid chromatography (HPLC) with a UV detector (280 nm). The mobile phase was methanol: water (95:5), 2 mL/min. (Lehman & Martin, 1982) .
The range of coef®cients of variation (CV) was 5±5.5% in the sample replicated analysis.
In order to avoid misclassi®cation of vitamin E nutritional status, the plasma a-tocopherol concentration was adjusted by serum lipid concentration (total cholesterol and triglycerides) (Willett et al, 1983a) .
Food composition table
The food composition database used to estimate nutrient intake was the Re Âpertoire Ge Âne Âral des Aliments (Feinberg et al, 1991) . We chose this source of food composition data because of its accuracy, speci®city, and comprehensiveness in foods and nutrients, and because of the similarities in the composition and types of food consumed in Catalonia and in France (Farran et al, 1994) .
Statistical analyses
Data analyses were performed using the statistical package STATA 4.0 for Windows (Statistics and Data Analysis, Stata Corporation, College Station, Texas). In order to account for day-to-day variation in nutrient intake, the estimated nutrient intakes were corrected for random within-person error (Beaton et al, 1979) . Correction for random within-person error enabled us to estimate usual intake. Usual intake is an estimation of long term intake, and long term intake is correlated with nutritional status biomarker (Willett, 1990) . Means, standard deviations and medians were estimated for continuous variables, and frequency distributions were examined for categorical variables.
The residual standard multivariate method was used to adjust nutrient intake for total energy intake (Willett & Stampfer, 1986) . This method enabled us to isolate the effect of total energy intake on the dependent variable. It overcomes the added variation of nutrient intake related to total energy intake, but unrelated to dietary composition (Willett, 1990; Willett & Stampfer, 1986) .
Energy-adjusted vitamin E intake, energy-adjusted alcohol consumption and BMI were categorized in tertiles. Serum a-tocopherol levels and other characteristics of the sample were explored by levels of vitamin E intake, alcohol consumption and BMI. The Kruskall±Wallis test was used to assess mean differences between categories. Crude associations between serum alpha-tocopherol concentration and the independent covariates were explored by correlation and linear regression coef®cients. Multivariate linear regression was the method applied to estimate the determinants of serum a-tocopherol concentration. The independent variables considered for the analyses were: gender, age (y), vitamin E intake (mg/d), alcohol consumption (g/ d), BMI (Kg/m 2 ) and total energy intake (Kcal/d). The dependent variable was the serum a-tocopherol concentration standardized by serum total lipid concentration. Assumptions of linear regression models were tested by pair-wise scatter plots, quantile-normal plots of the residuals, residuals versus predicted plots and partial leverage plots. Log transformation of the dependent variable was necessary in order to ful®l the assumption of homoscedasticity of the residuals. Once the ®nal model was ®tted, in¯uential analysis was performed by examination of high leverage, DFITS, DEBeta data points and Cook's distance.
Results
Serum concentration of a-tocopherol and characteristics of the sample by tertiles of vitamin E intake are shown in Table 1 . No statistical differences were found between categories of vitamin E intake for any of the studied variables from unadjusted analyses.
Mean energy intake was 7.9 kJ (1905 kcal), median was 7.6 kJ (1818 kcal), 25th percentile was 6.8 kJ (1639 kcal) and 75th percentile was 8.6 kJ (2062 kcal). Table 2 shows serum concentration of a-tocopherol and characteristics of the sample by tertiles of alcohol consumption. The proportion of men increased with increasing levels of alcohol consumption. Serum concentration of a-tocopherol and characteristics of the sample by tertiles of BMI are shown in Table 3 . Age increased with increasing tertiles of BMI (P`0.05). Alcohol consumption was higher in the second and third tertile of BMI than in the ®rst tertile group (P`0.05). The Pearson correlation coef®cient between the logarithm of vitamin E intake and the logarithm of serum a-tocopherol was 0.15, between the logarithm of BMI and the logarithm of serum a-tocopherol it was 0.17, and for the logarithm of alcohol consumption and the logarithm of serum a-tocopherol it was 0.14 (Table 4) . In multivariate analyses, vitamin E intake was signi®cantly associated with serum a-tocopherol concentration, after adjusting for age, gender, BMI, alcohol consumption and energy intake.
BMI also in¯uenced serum a-tocopherol concentration, whereas no association was observed between alcohol intake and serum a-tocopherol (Table 5 ). In our ®nal linear regression model, we used the logarithm of serum a-tocopherol in order to have homoscedasticity of the residuals. However, for better interpretation of the estimators of the b-parameters, we used the untransformed regression coef®cients, which are unbiased despite heteroscedasticity (Hamilton, 1992) . The regression coef®- Determinants of the nutritional status of vitamin E P Gasco Ân-Vila et al cients for vitamin E intake, BMI and energy intake in the untransformed model were 0.66, 0.34 and 0.004 respectively.
Discussion
In this cross-sectional study we found that intake of vitamin E was positively associated with serum a-tocopherol concentration. For each one mg increase in vitamin E intake, serum a-tocopherol concentration increased, on average, 0.66 micromol/L, after adjusting for age, gender, BMI, alcohol consumption and energy intake. We used serum a-tocopherol concentration as an indicator of vitamin E nutritional status. a-tocopherol is the most abundant and biologically active form of vitamin E (Tietz, 1986) . Serum and plasma a-tocopherol are the most frequently used biomarkers of vitamin E nutritional status because they are technically easiest to obtain and process, and because they are more suitable for large population studies (Gibson, 1990) .
Concentration of plasma a-tocopherol varies according to method of analysis and serum lipid concentration (Gibson, 1990) . High performance liquid chromatography (HPLC) is the method of choice to analyze serum vitamin E concentration (Behrens et al, 1986) . This method is relatively simple, and rapid, it requires only small volumes of serum/plasma, and it allows different tocopherols to be differentiated (Bieri, 1984; Bieri et al, 1985; Behrens et al, 1986) .
The very strong correlation between vitamin E plasma concentration and serum lipid concentration is due to the fact that a-tocopherol is transported in blood as part of a lipoprotein complex (Gibson, 1990) . Plasma a-tocopherol concentration standardized by total lipids is established as a biochemical marker of the nutritional status of vitamin E (Willett et al, 1983a) .
The regression coef®cient for the logarithm of vitamin E intake in the multivariate model was 0.018 (Table 5) , which was lower than that observed in previous studies (Willett et al, 1983b; Ascherio et al, 1992) .
In our study the Pearson correlation coef®cient between the logarithm of energy-adjusted vitamin E intake and the logarithm of the standardized serum a-tocopherol was 0.15 (Table 4) . Previous studies have observed correlations from 0.12±0.65 (Willett et al, 1983a; Willett et al, 1983b; Stryker et al, 1988; Knekt et al, 1988; Ascherio et al, 1992) .
In these studies the highest associations were found in individuals who took vitamin E supplements (Willett et al, 1983b; Ascherio et al, 1992) . The lower associations between intake of vitamin E and serum a-tocopherol found in our study could be due to the fact that less than 10% of our study population took vitamin E supplements (Serra-Majem et al, 1996) . In this study, vitamin E supplement intake was taken into account in the estimation of total vitamin E intake. A further reduction in the observed association could be caused by differences in the dietary assessment method used to estimate intake. We used a replicated 24 h recall method and the other studies used food frequency questionnaires (FFQ). The 24 h recall method provides high answer rates, it can be used in low literacy population groups, its reproductibility is high, and its cost is relatively low (Block, 1982) . However, the high day-to-day¯uctuation of individual nutrient intake (Ballogh et al, 1971; Beaton et al, 1979) in the diet assessment when using daily methods may lead to misclassi®cation of the subject's long term dietary intake (Witschi, 1990) .
In order to account for seasonal variation of dietary intake, we collected the data during two different periods: winter and summer. To avoid attenuation of the true associations we further adjusted for within-person variability (Beaton, 1979) . We found that for each one unit increase in BMI, serum a-tocopherol increased by 0.34 micromol/l, after adjusting for gender, age, vitamin E intake, alcohol intake and energy intake. The adipose tissue is the most important pool of a-tocopherol in the human body (Bieri, 1972; Hunter, 1990) , and Quetelet's Index (weight/height 2 ) is a good estimator of adiposity in epidemiologic studies (Criqui et al, 1982; Willett, 1990) . However, the bioavailability of vitamin E in the adipose tissue is not well known, nor are the mechanisms which regulate the release of alpha-tocopherol from the adipocyte into the plasma (Farrel and Bieri, 1975) . Adipose tissue concentration of vitamin E in well-nourished populations increases with intake of supplements of vitamin E (Bieri, 1972) . Our study population had vitamin E intakes above the recommended dietary allowances (Gutteridge & Haliwell, 1994) . The Pearson correlation coef®cient between the logarithm of the BMI and the logarithm of the serum atocopherol concentration was 0.17 (Table 4) .
Some authors have observed a correlation coef®cient between a-tocopherol concentration in adipose tissue and plasma a-tocopherol levels of 0.34 (Kaardinal et al, 1995) . Lifestyle factors other than diet could modify the nutritional status of vitamin E (Stryker et al, 1988) . For example, oxidative stress by alcohol consumption could reduce serum concentration of a-tocopherol (Knutse et al, 1993) . Alcohol consumption could induce lipid peroxidation (Clot et al, 1994) . Intake of vitamin E has an important role in counteracting the oxidative stress caused by alcohol consumption (Nordmann, 1994) .
However, as in previous studies (Stryker et al, 1988; Comstock et al, 1988) , we did not ®nd an association between alcohol intake and serum a-tocopherol concentration in the linear regression model. Low intakes of alcohol have not been related to depletion of antioxidant vitamins in the human body (Clot et al, 1994) , but plasma concentration of a-tocopherol is lower in alcoholics than in people with low intakes of alcohol (Lecomte et al, 1994) . Epidemiological and experimental studies have shown that the oxidative stress by alcohol consumption depends on the amount and frequency of ethanol intake (Lecomte et al, 1994; Clot et al, 1994; Azzalis et al, 1995) . In our study; alcohol intake was low compared to other regions in Spain (Aranceta et al, 1990) . Concentration of serum tocopherol Serum a-tocopherol concentration was transformed to the logarithm Determinants of the nutritional status of vitamin E P Gasco Ân-Vila et al varies according to age (Gibson, 1990; Serra-Majem et al, 1996) . The crude association between age and serum vitamin E may be largely due to its association with plasma lipids. In this study, the effect of age as a predictor of serum a-tocopherol disappeared after standardization of serum a-tocopherol by serum cholesterol and triglyceride concentrations.
Conclusion
Serum a-tocopherol concentration, used as an indicator of the nutritional status of vitamin E, seems to be determined by vitamin E intake and BMI in this non-smoking population group.
